B Physics at the Tevatron Il

Lifetimes and Al

Ronald Lipton, Fermilab
For the CDF and DO collaborations

New results for Moriond 2005
* Lifetimes in semileptonic decays
« B9, B* (CDF)
+ B, (DO)
* Lifetimes in Hadronic decays (CDF)
» AI" B, (DO)
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Lifetime Measurements

« Collider experiments are beginning to provide precision
measurements of B, A,, B, , BY, B lifetimes

« Verify HQET predictions
* Input to other measurements
« Try to measure ratios to minimize systematics

e Pre-Moriond results:
DO CDF

B, —> J/yg 7, =1.444°000 £0.023 ps| |B, > J /v 7, =1.369+0.100"%% ps
0 *()
7, /7,0 =0.980700¢£0.003 ||B >J/WKT 7, =1539£0.051£0.008ps

+ ' ' =1.662%0.033+0.
Ay > TIuA 7, = 122702 5£004ps | [P SJIYK* 1, =1.662+0.033%0.008 ps
Ay > J/yA 7y, =1.25+£0.26 £0.10ps

r, /t., =087 17 +0.03
War o1 r(B*/B")=1.119+0.046+0.014

B, —>Jlyu 1, =0448%% +0.121
7(B*/B")=1.080+0.016+0.014
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* Unbinned maximum likelihood ;fj ZZZ
components S o
— Signal lifetime § 200
— Background lifetimes ) ) 53 54 55 56
— Background fractions T veriant Mess (GeD\gc )
— B mass peak (signal fraction) 2 1°:§ - 2
— Momentum resolution, for aF T Daehoround
each decay mode and type j, K| g 10° -
— c1 resolution scale factor, s §OE
— Typically ~15 parameters e
10

0.1 015 0.2 025 0.3
Proper Decay Length (cm)

* Likelihood functions:

K, K L P
F, =—~ D(Kj)ﬂlKjeXp(— J xy(mB/ J_)

) ® Resolutions
TocT CT

F,, = Gaussians + Z % exp(— A, /1. )® Resolutions

1

L= f:vignalFB +(1_fs)ﬂg
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CDF Run Il Preliminary
6000

Semlleptonlc B9, B-

lepton+D° (D" excluded)

Signal ~ 13362

5]
()
o

 Uses electron and muon
triggers ~260 pb-’
* No trigger lifetime bias

» Different semileptonic
branching ratios of BY, B- into
D,D* allows extraction of the 0 | |

1.7 1.8 1.9 2

two lifetimes and their ratios M(K 1) (GeV/d)
CDF Run Il Preliminary

Candidates per 5 M ev/c®
&
()
o

lepton+D
~, 2000/
r(B7)=1.653+0.029"2% ps : sl -7
r(B°)=1473+0.036+0.054ps |  E
/ £ 1000
r(B7)/r(B)=1.123+0.040"0%%! :
0.14 0.5.6 0.5.8 0.2
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CDF Semleptonic Lifetimes

Mostly BO Mostly B-
103 CDF Run Il Preliminary CDF Run |1 Preliminary
Combined lepton-D " Combined Iepton-D°
i 3 — Al
o[ 10 = IN B
10 = A A Eo
£ : S I
= C =3 N SR T Backgrounds
QY i & 10 3
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8 B 8 i
g | S 10¢
T 1¢ =] C
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- 1
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A | | | 107 R | |
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Pseudo-proper Decay Length (cm) Pseudo-proper Decay Length (cm)
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w Semileptonic B,

« B,—DjuvX
« Large data sample from muon
triggers ~400 pb-'

« Take K distribution from several

semileptonic modes, B9 B-

* Include charm backgrounds in the

fit (wide tails)

254% B’ — D ptv X
67.7% BL - D, ptv X
2.4% B - Dg ptvX
4.5% B Dg prvX
Total Br. 7.9 %

Sample Composition

—

7(B,)=1.420%+0.043+0.057
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CDF Hadronic modes

CDFIl Preliminary

- First lifetime results to use events g

g 0.016—  B' Jry K

Data - MC comparison

triggered by SVT (silicon vertex trigger]“éo_mf_ Iy — Data SBsub
. ~360 pb-1 %n::é WL w{ | — Realistic M.C.
. |mpe_10t parameter bigses lifetime Enooa— fﬂ ﬁmﬂﬂ |
distributions but provides large owos # ﬁ H{%H L
samples 3 :ﬁ i# |
« Correct for trigger bias using Monte ot tz ], u;+02
Carlo — verify with B- ~ et feml
— Systematics ~ 4-5 um BS_)D 5+7F

CDFII Preliminary L=3Eil.'lr.n|:|f‘I

* Five modes:

Trigger Scenario:
SCA + SCC +LPT

v BF=D'at (D'= K m)

» B'=D*w (DK o)

» B'=D*3nt (DK n-m)

» B—=DFrt (D — ¢n~) (0—=KK)
v B—D " 3n* (D,— ¢n~ ) (0—>K'K)

10 MeV per bin
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GDFil Preliminary L=360pb”"

Bg— Dgn
Dy -
b+ KK

Trigger Scenario:
SCA + SCC + LOWPT

Hadronic Lifetimes

B D

B —D 7

0

B Dt
Dk’

dat

Trigger Scenario:
SCA+ SCC +HLOWRT

25 p m per bin

.
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Lifetime values

lifetime values

Single decay modes:

v B*=sD'nt (D' K @)

v B'aDnt (DK mn)

» B'oD3nt (DK n-7)

v B.—=D 7w (D — ¢m~) (0—=>K°K)

v« B—D73r* (D, — ¢n~ ) (¢0—>KK)

Combined:

B?=453 + 7 (stat.) + 4 (syst.) um
B =479+ 29 (stat.) = 5 (syst.) um
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498 £ 8 (stat.) = 4 (syst.) um
457 £ 8 (stat.) = 4 (syst.) um
442 £ 13 (stat.) = 4 (syst.) ymn
479 £ 32 (stat.) £ 5 (syst.) ymn

480 £ 71 (stat.) = 5 (syst.) um



Summary of new lifetime results

Tevatron B Hadron

. . HFAG B, > J /y¢
— S Lifeti
n HFAG B, flavor specific iretimes
. N - CDF Hadronic B, combined
i A ,  CDF Hadronic B, > D wrr
. n - CDF Hadronic B, — D«
} A y DO Semileptonic B,
0
HIH HFAG B
- CDF Hadronic B° combined

B CDF Hadronic B — D" nnx
N CDF Hadronic B* > D'
CDF Semileptonic B’

I . 1
- HFAG B~
——&—— CDF Semileptonic B~
¢ CDF Hadronic B~ — D"z
1.2 1.4 1.6 1.8 2

Picoseconds
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B, System

Schrodinger Equation:

d (| B.(t)) (M j | B,( t !
= —l—
dt (t)> 2
M., stems from the real part of the box
diagram, dominated by top

I',, stems from the imaginary part,
dominated by charm

Heavy and light B, eigenstates are expected to have different widths

B, =

BS>+q‘§s> ~ cp odd

B, = —q‘§s>cheven, p +q’ =1
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« Relation of matrix elements to decay and oscillation parameters:
Am=M, -M, ~2|M,
¢ = arg(— My, j
Al'=1, -T', = 2|F12| COS @ r,
In the Standard Model:

— The CP violating phase, ¢ is expected to be small

— Mass eigenstates are ~CP eigenstates with
definite lifetimes

« The J/y ¢ final state is a mixture of CP states
L=0,2 — CP even (A,A))
L=1 —CPodd(A))

« Assuming no CP violation in the B, system, measure two By lifetimes,
1, and 1y, (or AL'/T" and t) by simultaneously fitting time evolution and
angular distribution in untagged B,~> J/v ¢ decays

e CDF result last summer:
AT /T =0.65%%+0.01
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¢ rest frame 1
Jiy rest frame
K
Iy A
B R e (I) =
-
b e
3 + .
T o Jyi»1"Me=>K'K)_ 9 [2|Aﬂ(u)|2 e Fcos?y(1 - sin’s cos?)
dcoss do deosy dt 161

+ sin®y {|A (©))* e ' (1-sin’a sin% )+ |A (0)° e ™ sin% }
! : Full angular

+ L sinzy {|A,@)IA (0)] cos(5,- 5,)e ' sin?8 sinZ2¢ } o
y2 distribution

1 . . 1 Tat, Tt
+ {ﬂ |A,(O)A l(ﬂ)l c0sd, sin2y sin2 0 cosg } > [ e e ) o)
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o

Sensitivity to CP violation if AT’/ T is sizable
Ronald Lipton}f Moriond EW 2005 Detector acceptance



w Al B ->Jlyo

 CDF summer result fit to 0,9,y

DO Preliminary

angles giving Ay, A, A | phase,
R, =IAL(0)°

 New DO result integrates over the
angles ¢,y using MC efficiency

* Fit technique similar to lifetime fit,
but adds angle dependence

Candidates per 20.0 MeV/c 2

Fit prob: 19.8 %

« Provides values for 7, AT, and R | dfgg
- no amplitudes or phase

5.3 5.4 55 5.6 5.7 5.8
B, Mass, GeV

dr(z)
d cos

QA (t)| ‘A”(t)‘ ) (1+cos 9)+‘A (1) ‘—sm 0

Integral for flat
Efficiency in ¢,y
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Likelihood Fit

« Simultaneous fit to mass,
proper decay length and
transversity using an N l. l.
unbinned maximum log- L= H [fvigEvig + (1 - fsig) bkd]
likelihood method i=1

1 feig signal fraction
1 ct=c/ T, r=(r+ry)2
1 R, CP-odd fraction at t=0
1 AT/T
Other free parameters
2 signal mass, width

2 bkg mass slope (1 prompt, 1 long-lived)
1 o(ct ) scale

6 bkg ct shape

4 bkg transversity (2 prompt +2 long-lived)

19 total

Ronald Lipton, Moric



AI' Result

Fit Result:

=
o
w

o
Y
=
o
3
>

=
o
N

B LY
3

=
o

0.08 ps
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Additional Constraints

* Include 1, constraint from |

_ E - 1o (stat only) DO Preliminary * DL
semleptonic measurements: O i SO 4 CDF
=\ 0.6
— 1-(Ar/2T) :
Fﬁ‘ =1 =\2 0.4
1+(Ar/2T) :
— 0.2
7,=1.43%£0.05ps .
0_
Al" N theor. 10 band
= = 0'23:48:13 0.2
I " WA(f.s.+)1 0
_0 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
O.Ab34 0.0368 0.0396 0.0424 0.0452 0.048
CT,Ccm
 We can also use the predicted
value of ALy, s =0.1210.05 Al AT )
(Lenz hep-ph/0412007) with the T = T COS (¢)
. . . measured CPcons.
semileptonic constraint to 073
constrain a possible CP phase: |COS¢ =1.46_, ¢
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AI' Comparisons [

= r 10 (stat only) * DO
: O.Si:%viés\/t/it:oiztsrgint (1 o stat) “V > CDF
« DO and CDF AI'/T results 5 X
are consistent “°F
- DO result is close to the o4
theory prediction of 02l
0.1240.05 F
« The WA flavor specific . e
lifetime provides significant °F WA(S. )1 0
improvement to AI" and L T R T
allows for a meaningful cr. em
cos¢ constraint Including systematic errors:
Experiment R, Al'/T ;( pS) T, Ty

CDF Runll 0.125+0.08 0.650%
DO Runll  0.17%0.10 0.21°03

1.40713
1.39701

1.057018 2,070
1.23%01% 1.5270%
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« DO AT 3 angle analysis ; s—

« CDF AT updated analysis 4
~ 00, dk*

« Explore CP violation (¢) ?

« Continue to improve lifetime precision jl ﬂ H | Hl N H ) H H |
— Improved understanding of LR T Ao

systematics '
« Upgrades

— DO Layer 0 inside current silicon—
improve o(ct), Silicon track trigger

— DAQ - improve bandwidth
— CDF Trigger and DAQ upgrades

Ronald Lipton, Moriond EW 2005



Backups
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Hadronic Lifetimes

Systematic Uncertainties

Effect | Variation(pm) | Variation(pum)
BY B,
MC input 7 negligible negligible
pr reweight 1.9 1.9
Scale Factor negligible negligible
Bkg ¢f description 1.1 1.1
Bkg fraction 2.0 2.0
[.P. correlation 1.0 1.0
Eff. parameterization 1.5 1.5
L,, significance negligible 2
Al - 1.0
Alignm. + others 2.4 2.4
Total 4.2 4.7

Ronald Lipton, Moriond EW 2005



Inserting H( cosy) =1, and F(¢) =1 + J cos(2¢) + K cos2(2¢), and integrating
over cosy and ¢, we obtain a 1-angle time evolution:

da I - Jiy (— |+|_) d{— K+ K3 _ 2 . T, t . 5
dcost dt B N“[ (14,(0) |A"(°)|2)E (1+cos8)

* 5 { UA(;;(DM2 + |ﬂ*"(°)|2) E_FL t 1+ coszﬂ ) +2|A J_(ﬂ)|2 e_r“ t sinZ6 }

- H(AO) - 14,0)) e ''sin’0 +2]A (@) e " sin% ] G(cos0)

= 0.355 * 0.066 (from CDF)

2 2 -
[AO)l + A (O) +[A(0) =1
defining, R = IAJ_(UHE

Ronald Lipton, Moriond EW 2



MC Acceptance
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